(19) 



J 



Europaisches PaUntamt 
European Patent Office 
Office europeen des brevets 



(12) 



(43) Date of publication: 

08.01.2003 Bulletin 2003/02 

(21) Application number 02014522.3 

(22) Date of filing: 01.07.2002 



llllllilllllililll 

(H) EP 1 273 314 A1 

EUROPEAN PATENT APPLICATION 

(51) tatCU: A61L 31/16, A61L 31/10 



(84) Designated Contracting States: 

AT BE BG CH CY CZ DE DK EE ES Fl FR GB GR 
IE IT LI LUMCNL PT SE SKTR 
Designated Extension States: 
ALLTLVMKROSI 

(30) Priority: 06.07.2001 JP 2001206665 

(71) Applicant TERUMO KABUSHIKI KAISHA 
Tokyo (JP) 



(72) Inventors: 

• lshii v Naokl, do Terumo KabushfkJ Kaiaha 
Ashigarakami-gun, Kanagawa (JP) 

• Togawa, Hldeyukf, c/o Terumo Kabushfkl Kaisha 
Ashigarakami-gun, Kanagawa (JP) 

(74) Representative: Casalonga, Axe! et al 
BUREAU DJV. CASALONGA - JOSSE 
Paul-Heyse-Strasse 33 
80336 MOnchen (DE) 



(54) Stent 

(57) A stent wherein a biologically/physiologically 
active substance is loaded on the stent main body in a 
stable manner is provided. The biologically/physiology 
calty active substance does not undergo decomposition 
or degradation, the bioiogicalry/physiologicaRy active 
substance is gradually released for a prolonged period 
without being rapidly released in a short period. The 
stent to be implanted in a body duct comprises a cylin- 
drical stent main body extending in axial direction and 
having an opening on each end of the axially extending 
stent main body, and a sustained release coating 
formed on the surface of the stent main body from which 
a biologically/physiologically active substance is slowly 
released; wherein said sustained release coating com- 
prises a layer of the bioiogically/physiologicaOy active 



substance formed on the surface of said stent main 
body, and a polymer layer formed on said biologically/ 
physiologically active substance layer to cover said bi- 
ologically/physiologically active substance layer; and 
said biologically/physiologically active substance layer 
comprises at least one biotogicalty/physiologicaUy ac- 
tive substance; said polymer layer comprises a vapor or 
water-permeable polymer, and a water-sweilable sub- 
stance dispersed in said polymer and swollen by ab- 
sorption of the vapor or the water; and cracks are formed 
in said polymer layer when said water-swellabte sub- 
stance is swollen by absorbing the vapor or the water, 
and the biologicaHy/physiologicalry active substance in 
said biologically/physiologically active substance layer 
is released to the exterior of said sustained release coat- 
ing through said polymer layer. 
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Description 

BACKGROUND OF THE INVENTION 
5 1. -Field of the Invention 
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[0001] This invention relate, to a stent which is implanted in a ^^^"^^^^^l^T 
Mart vessel bile duct, trachea, esophagus, or urethra in order to maintain the opening of th ^f sk ^^J^^' 
SSSon r£t«*o a stem which is capable of maintaining the opening of the torion far 
s^Z^eZ of a biotogteaUy/physidogicalV active substance from the stent surface, narr^. by me gradual and 
slow release of such substance which has the effect of suppressing the restenosis. 

2. description of the Related Art 

100021 Angioplasty which is conducted in the case of ischemic heart disease is f^^« ?^^^" rt 
S Zrwestemization of dietary habits in our country, the 

Sales (angina pectoris, celiac infarction) has shan* inc^ ^^^^^ *a^dT« 
transluminal coronary angioplasty (PTCA) has been developed and the number of cases where 
^aSaily increased. Today, technological development has enabled appfcabon ^^^ «TS^So 
^Z^cJZ To^ed not only to the cases where PTCA was originally applied namery. not only to the orcumscribed 
ZSZgSZl - the single vessel Won (wfththe gnosis ^o^esse^a^to^c^ 

?£2Z £i TtoTveTttn^shiSSe incision: a guidewire is feat introduced through the M of 
LTh^uoer sSl a nXw tube called a guide catheter is inserted m the btood vessel and over m. guide** to 
TJ^^MrTZ entrance of the coronary artery; the guidewire is wHhdrawn^another e^dewire and a 

arte^^etJentafterto.guidewir.andundert^ 

f^ rrfX, blood vessel to place the balloon catheter at the lesion; and the balloon is .nftated at this lestort at me 
^^ad^^fof ^Ts*^ for once or for several times by the physician. By mb procedure, the 
^ 2^m7b3v^ m trte site of me ^ion is opened, and mis opening is maintained. As aoorueouence^ 

healing of the vascular waB in the case, for example, when wounds are made in the vascular wan oy ine caimwr. 

andoLr device has been investigated, and these method, are «artingtoga« ^Z^^ 

herein designates a hollow medical device which is implanted in the stenotic or ccduded 

oW bo* duet to open the lesion and to maintain the opening for treating various d^ases «u^ such stonosa 

^LSusfonof me body duct A stent is a medical device which usually comprises a metal material* a polymer 

l^aTvan^^^ 

on the side waB of the hollow tubular body of metal or polymer material, and those L" "3^*1 

or a^ymer fiber into a cytndrical shape. A stent is *nplanted for the purpose of prevenung « '■^^^ 
restenosis mat may take place after the PTCA and other procedures. However, it has so far been unsuccessful to 

ES? varlc^^ica«V/physio^ogica.ty active substances such as a carcinostatic fortocal and ^tamedjy re^s-ng 
rT^^/DhvsioLicaily active substance at the lesion where the stent has been •mplanted. For example. JP 
r 33 7^^tSwCn a mixtore of e therapeutical ^^^'^^^Z. 
Stance) anda^ofymer is coated on the surface of the stent main body, and JP 9-990S6 A P~pc«« a sto nt ***** 

SSy 2ESl^2^ Ke^ymer. so that me stent* as^datedw^ 
Snanddegradattonofmebiolc^^ 

SSfc with me problem of the stability of the biologically/physiotogicalry active substance. For ™ 
^L-^le^Tpolylactic add. mis polymer has the characteristic feature that it generate, anaod upon U de- 
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ologicaBy active substance, the decomposition of the polylactic acid will create the problem of the decomposition and 
degradation of the biologically/physiologically active substance. In addition, when the polymer selected has a high 
decomposition speed in the body, release of the biologically/physiologically active substance will be completed in a 
short period (within several days after the implantation) and the stent will suffer from the problem of insufficient sup- 
s pression of the restenosis of the vascular waH. As a consequence, the stent of the type proposed in JP 8-33718 A is 
associated with the problem of limited combination of the polymer and the biologically/physiologically active substance 
used in the stent in view of preventing the decomposition and degradation of the biologically/physiologically active 
substance, and at the same time, in view of securing a reliable release of the biologically/physiotogicaly active sub- 
stance for a prolonged period (for several weeks to several months after the stent implantation) 
io [0007] On the other hand, in the case of the stent proposed in JP 9-99056 A, the bioactive material layer (biologically/ 
physiologically active substance layer) and the polymer layer are formed as different layers, so that this stent is free 
from the risk of the decomposition and degradation of the biologically active substance by the action with the polymer 
In this stent, however, the polymer layer covering the biologically/physiologically active substance comprises a porous 
material wherein passages are defined from one surface to the other surface of the polymer layer, and the biologically/ 
physiologically active substance layer is exposed to the outer atmosphere of the stent (atmosphere outside the polymer 
layer) from the time of its production. Therefore, the stent of such structure is associated with the risk that the WolooicaBv/ 
physiologically active substance is released through the passages present in the porous material before ImptenUng 
the stent m the body. The stent of this type is also associated with the risk after implanting the stent in the lesion 
namely, with the risk of the phenomenon that the biologically/physiologically active substance is rapidly released in a 
short period (within several days after the implantation), that is. the initial burst, and this stent suffered from the difficulty 
of sustained release of the biologically/physiologically active substance, namely, slow, gradual release of the biologi- 
cally/physiologically active substance for a prolonged period (for several weeks to several months after the implanta- 
tion). 

25 SUMMARY OF THE INVENTION 

[0008] In view of the situation as described above, an object of the present invention is to provide a stent wherein 
the biologicaUy/physiologically active substance can be stably loaded on the stent main body without undergoing de- 
composition or degradation, and at the same time, wherein sustained release of the bic^ogicalry/physiologicaSy active 
30 substance, namely, slow, gradual release of the biologicaUy/physiologically active substance for a prolonged period 
with no rapid release of the biologically/physiologically active substance is enabled once the stent is implanted in the 
lesion. 

[0009] Such objects are attained by the present invention as described in the following (1) to (9). 
35 (1) a stent to be implanted in a body duct comprising 

a cylindrical stent main body extending in axial direction and having an opening on each end of the axialry 
extending stent main body and 

a sustained release coating formed on the surface of foe stent main body from which a birtogkally/physiolofh 
40 ically active substance is released; wherein 

said sustained release coating comprises 

a layer of the biologically/physiologically active substance formed on the surface of said stent main bodv 
and . 

a polymer layer formed on said biologically/physiologically active substance layer to cover said biologically/ 
physiologically active substance layer; and 

said biologically/physiologicaBy active substance layer comprises at least one blc4ogically/physioiogicafly ac- 
tive substance; 

said polymer layer comprises a vapor or water-permeable polymer, and a water-sweilabie substance dispersed 
in said polymer and swollen by absorption of the vapor or the water; and 

cracks are formed in said polymer layer when said water-sweilable substance is swollen by absorbing the 
vapor or the water, and the biologically/physiologically active substance in said bicHogically/physiologically 
active substance layer is released to the exterior of said sustained release coating through said polymer layer. 

(2) A stent according to the above (1) wherein said stent main body comprises a metal material. 

(3) A stent according to the above (1) wherein said stent main body comprises a polymer material. 

(4) A stent according to any one of the above (1) to (3) wherein said biologically/physiologically active substance 
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laver -comprises sotely from the biologically/physiotogicalty active substance. lh> . 
S^^tacoortNjtoany one of the above<T)to (3) wherein said 
SeVcoTprisestr^^ 

aJ^ntoSS a«PIIMMa antagonist, retinoid, flavonoid. carotenoid. a Bpid improving agent, a °^*>^? 
ZSTt^ne kinase inhibitor, an anoptatetet, a vascular smooth musde antiproiiferat.ve agent, an antan- 
flamrtory agTnt. a btotogical material, an interferon, and a NO production acceptor. 
^^ac««Mng toany one of the above (1) to (6) wherein said vapwwwater-penr^ablepc^cor^r^ 

5 pSyn^C^a merger setocted Iron, siUcone polymer, cellulose polymer, potyurethane. pofyesU,. vinyi 

£tLTa2^ 

6 A tL to the above 1 (8) or (9) wherein said tow rnotocular weight sa« is soAum chtonde. 
BRIEF DESCRIPTION OF THE DRAWINGS 

* [00101 FIG. 1 is an eievational view showing the stent according to an embodiment of the present invention. 

0011 FIG 2 is an exploded transverse cross-sectional view taken along ^ " F J" . 

M12 FIG 3 to a parity exploded vertical cross-sectional view taken along lines in FIG. 

ffq m 4 £ a £5* S>toded vertical cross-sectional view of the stent of FIG. 3 when the water-swellable 

25 [o^F.^ 

^•TCSS electron micrograph (rr^nificatton. 1000 x) of the polymer lay er surface of the start of Exampte 
1 after immersing the stent in phosphate buffer solution. rf thm «,..„! 

» [001 S FtG. 7 is an electron micrograph (magnification. 1500 x) of the cross section of the polymer layer of the stent 

of Example 1 after immersing in phosphate buffer solution. -/rvw««r- 

SoTtT >K5. 8 is an electron micrograph (magnification. 1000 x) of the polymer layer surface of the stent of Compar- 
oiki _ cwamolo 1 after immersing the stent in phosphate buffer solution. 

'HmSS Micrograph (magmfication. 2500 x) of the cross section of the porymer layer of the stent 

35 of Comparative Example 1 after immersing in phosphate buffer solution. 
DETAILED DESCRIPTION OF THE INVENTION 

[0019] Next, the stent of the present invention is described in detail by referring to the embodiments shown in the 
W S 9S The stent of the present invention comprises a stent main body and a sustained release coating formed to 
Z^fTZl^T^e stent according to an embodiment of the present 

SrtrSSn other words, the embody are within me scope of inventton w1,en on^ s^of^he 
Te meTber 2 corresponding to the outer surface of the stent main body, when J. a cy^lbody. ^ove^wrth 

^C^^Ziphysiotogicany active substance layer 3. however, should always be covered wrth me 
POTT nS the components constituting the stent 1 are described in further detail. 
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[0024] The stent main body is a cylindrical body having an opening on each end and extending in axial direction 
between the opposite ends. The side surface of the cylindrical body is formed with a large number of slots or holes 
which communicates the inner and the outer peripheral surfaces. The cylindrical body is radially expandable/com- 
pressible by the deformation or enlargement of the slots, and this radially expandable/compressible structure enables 
implantation of the stent in blood vessel or other vessel, or in bile duct or other body ducts in order to maintain the 
shape of the vessel or the duct 

[0025] In the embodiment shown in FIG. 1 . the stent main body comprises resilient wires 2, and the stent main body 
is constituted from substantially diamond-shaped units 11 having slots in the inside. A plurality of substantially diamond- 
shaped units 11 are connected with each other so that the substantially diamond-shaped shapes are serially arranged 
in the direction of the minor axis of the diamond to constitute an annular unit 12. The annular unit 12 is connected with 
the adjacent annular unit by a wire resilient member 13, and as a consequence, a plurality of annular units 12 are 
serially arranged in the axial direction with a part thereof connected with each other. Since the stent main body (stent) 
1 has the structure as described above, the stent main body comprises a cylindrical body having an opening on each 
end, and the cylindrical body extends in axial direction between the opposite ends. Since the stent main body (stent) 
1 has the substantially diamond^hapedslots. the cylindrical body is radially expandable/compressible by the defor- 
mation of the slots. 

[0026] It is to be noted that, in the present invention, the stent main body is not limited to the embodiment shown in 
the drawings, and included within the scope of the invention are any radially expandable cylindrical body having an 
opening on each end and extending in axial direction between the opposite ends, and having the structure with a large 
number of slots formed in the wall communicating the outer and the inner peripheral surfaces to enable the radial 
expansion/compression of the cylindrical body through the deformation of the slots. 

[0027] Typical examples of the radially expandable/compressible stent main bodies include a stent mam body as 
disclosed in JP 9-215753 A and JP 7-529 A wherein members formed by bending a resilient wire in coO shape are 
serially connected with each other to constitute a cylindrical body with the spaces between the resilient wires forming 
the slots; a stent main body as disclosed in JP 8-502428 A and JP 7-500272 A wherein members formed by bending 
a resilient.wire in zigzag shape are serially connected with each other to constitute a cylindrical body with the spaces 
between the resilient wires forming the slots; a stent main body as disclosed in JP 2000-501328 A and JP 11-221288 
A which has been produced by bending a resilient wire in the shape of serpentine flat ribbon, and the thus bent wire 
is helically wound around a mandrel to constitute a cylindrical body, with the spaces between the resilient wires forming 
the slots; a stent main body of mesh structure as disclosed in JP 10-503676 A wherein the slots are formed in meander 
pattern which are different from the stent main body of FIG. 1; and a stent main body as disclosed in JP 8-507243 A 
which has been produced by bending a plate member in coil shape to constitute a cylindrical stent main body wherein 
the spaces between the adjacent art members corresponds to the slots. Other typical examples include cylindrical 
stent mam bodies of different structures as disclosed in JP 4-68939 B wherein a resilient plate member is helically 
formed into a cylindrical body, with the spaces between the resilient plate members forming the slots; or wherein a 
resilient wire has been braided into a cylindrical body, with the spaces between the resilient wires forming the slots In 
addition, the stent main body may be in the form of a coil of a plate spring, multiple helix, special pipe, and the See 
There are also disclosed in FIGS. 2(a) and 2(b) of JP 4-68939 B a stent main body formed by helically winding a 
resilient plate member into a cylindrical body, and such cylindrical stent main body having expandable/compressible 
structure without providing any slot on the side wall may also be used as the stent main body of the present invention 
All of the above publications and patent documents are herein incorporated by reference. 

[0028] The means used for the expansion of the stent main body after leaving the stent in place is not particularly 
limited. The stent may be a self-expanding stent which expands in radially outward direction by its own restoring force, 
for example, by removing the strength which had maintained the stent main body folded in the smaller size. Alternatively 
the stent may be a balloon-expandable stent wherein the stent main body is expanded in radially outward direction by 
arj exterior force applied from the interior of the stent by an inflating balloon. 

[0029] The stent main body may comprise a material such as a polymer material, a metal material, or a carbon fiber 
or ceramics, and the material used is not limited as long as the resulting stent has a certain degree of rigidity and 
elasticity. The stent, however, may preferably comprise a biocompatible material. Exemplary polymer materials used 
include polyethylene, polypropylene, and other polyolefins; polyethylene terephthalate and other polyesters; cellulose 
acetate, cellulose nitrate, and other cellulose polymers; polytetrafluoroethylene, tetrafluoroethylene-ethylene copoly- 
mer and other fluorine-containing polymers. Exemplary metal materials include stainless steel, tantalum, titanium, 
nickel-titanium alloy, tantalum-titanium alloy, nickel-aluminum alloy, inconel. gold, platinum, iridium, tungsten, and cc^ 
bait-based alloy. Of the stainless steel materials, SUS 316L is the most f>refem^ in view of the corrosion resistance 
& of highest degree. 

[0030] The stent main body can be most favorably made when the material used is a material adequately selected 
from the materials as mentioned above according to the lesion where the stent is applied and the mean of its expansion. 
For example, when the stent main body is formed from a metal material, the stent can be reliably implanted in the 
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tesion since a metal material is sufficient in strong*. On the other hand. wh« £^^ma*> £dyis formed*™ a 
Z^Z material the stent win enjoy excellent deliverable owing to the high ftexMity of the po^ner matanal. 
$7 a sel^ndabto stent, the stent is preferabty oat£ 

L Lwrd «nm/ since the stent should be capable of restoring its origwal shape. When the stent s a oatoon- 

IS ^ wtn^Tstent ma^ bc<* Mormed from a carton fiber, the stent has high strength and i, superior in 

EST stent main body accordk* to the tesion wh~ it is -PP^- 

K^UI S eC^ S£ otrctry artery, the stent main body may preferably have an out* d«meter before 
the «xDansk>n of 1.0 to 3.0 mm, and a length of 5 to 50 mm. 

rooT^case. tent main body « constituted from a «™*« ^ a ^ of the wire 

Lmh«r in its width direction is preferably 0.01 to 0.5 mm, more preferably 0.05 to 0.2 mm. 

r£T TntwThow me storJmam body is product is not limited to any the production 

ZihL mav be adequately selected from those typicalty used in the art in the production of a stent 

toMef ^sS toe Present invention, the biotogicalfy/physictogicaBy active substance lay* 

main booy t described above to cover the surface of the wire member 2 constitutng the stent m«n^ 
w^n^ stenYmain body is constituted from other constituent besides the wire member as «emp^ abator 
etmp^asl7membe^. the biotogicany/physiotogicaBy active substar^ ^ «f^onm. ste*m£ body to 
o^vertoe surface of the constituent like a sheet member. The ^^'^^^^^^^"^^ 
ZZ^°"e**™ biologically/physiologically active substance. The bioiogicalty/physiologicaty active substance 
SJ H^hrbtoton^lW/Dhvstotooicalty active substance layer is not limited to any particutar type as long as it 
U^^TJ^tT^^^ Ctesion after im/anting the stent of toe present invention in the body 
du^^T^ b^E^physiotog-.cany active substances include a caranostatic. an immur^uppressrv.. an, an- 
tS^TS^c ZESEEZ. an antihyperiipidemic. an ACE ^^^.T^^ES. 
S,. an antiallergic, an antioxidant, a GPIIb/llla antagonist, retinoid, ftevonoid. ^^^^T^ 
rS^A synthesis inhLor. a tyrosine kinase inhibitor, an antiplatelet, e vascular smooth muscle antiproliferative agent, 
J^EZElon agent a biological material, an interferon, and a NO production accelerator. 
w£7EE P^raote^inostetic, .dude vincristine suite*, virtolastin. sulfate, vindesin. suHate. xinote- 

s*^ p sr b teir^ 

E hydrochloride. idarobicin hydrochloride. pirarubWn hydrochloride, adarutxcm hydroohtonde. epauba*. hydro- 

00411 &*3»y preferable antithrombotics include heparin, ticlopidin. hydrochlonde, and hirudin. 
K ESS P«*erabie antihyperlipidemic include HMG-CoA reductase ^^^J 
preSbteHM&CoA Inductees inhibitors include serivastatin sodium, atoivastetin. msvastetin. pHavastetm. fluvastetin 

zaorB temocapril hydroohtonde. delapril hydrochloride, enateprit maleate. tisinopnT L and captoprl. _ 

P044] nS5«i 'preferable calcium antagonists include nifedipine, nifvadipine. dOtiazern hydrochlonde. benxJ^ne 

hydrochloride, and nisokJipine. 

[00451 Exemplary preferable entiallergics include traralasL 

100461 Exemplary preferable retinoids include afHrans retinoic add. 

Et] Semplary preferable antioxidants include catechines, anthocyanine, proanthocyankJ.n. lycopene, and Car- 
otene. Of the catechines, the most preferred is epigallocatechm galtate. 

100481 Exemplary preferable tyrosine kinase inhibitors include genistem. «Whos^and apstetin 

[0049] Exemplary preferable antiinflammatories include dexamethasone, prednisolone, and other steroxte. and as- 

M50] Exemplary preferable bioiogcal materials include EGF (epidermal ^ <actor>. ^^^^ 
growth factor) iSilhepatocyte growth factor). POGF (platelet derived growth factor), and BFGF (basic fibroblast 

S^bictogicaly/physictogica^ 

Sl sub^n«^ntionld7bove or alternatively, two or more different biotogically/physioiogicaly active sub- 
EEEEEEEEZ****** from the biok^icalfytohysictogicatiy active substances as mentioned 
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[0052] The method employed to form the biologically/physiologically active substance layer 3 on the surface of the 
wire member 2 constituting the stent main body is not limited to any particular method as long as the biologically/ 
physiologically active substance layer 3 can be uniformly deposited on the surface of the wire member 2 constituting 
the stent main body. For example, the layer 3 can be deposited by heating and melting the bioJogically/physioiogfcally 
active substance, and coating the molten substance on the surface of the wire member 2 constituting the stent main 
body; or by heating and melting the biologically/physiologically active substance, and dipping the stent main body in 
the molten btotogtcally/physiologically active substance followed by cooling and solidification of the biologically/phys- 
iologically active substance to thereby form the biologically/physiologically active substance layer 3. Alternatively, the 
layer 3 may be formed by dissolving the biologically/physiologically active substance in an adequate solvent to thereby 
form a solution and dipping the stent main body in the solution, and after recovering the stent main body from the 
solution, removing the solvent by evaporation or other method to thereby form a coating on the wire member 2 con- 
stituting the stent mam body; or by coating such solution on the wire member 2 constituting the stent main body by 
spraying such solution with a spray device or other means, or by accomplishing the coating by other means, and 
removing the solvent by evaporation or other method to thereby form a coating on the wire member 2 constituting the 
stent main body. 

[0053] It is to be noted that, when the biologically/physiologicany active substance is insufficient in adhesion to the 
wire member 2 constituting the stent main body, and the bidogically/physiologicalty active substance used alone is 
unlikely to be able to form a layer on the surface of the wire member 2 constituting the stent main body, the solution 
is preferably supplemented with an additional component which imparts tackiness to the biologically/physiologically 
active substance. To be more specific, when the biologicaDy/physiologicaJly active substance is a water soluble, low 
molecular weight substance having a molecular weight of up to 1000, the solution is preferably supplemented with the 
additional component, for example, a saccharide such as a monosaccharide, a disaccharide, an oligosaccharide or 
the like, or a water-soluble vitamin. When the biologically/physiologically active substance is a water soluble, high 
molecular weight substance having a molecular weight of over 1000, the solution is preferably supplemented with the 
additional component which is dextran, hydroxy ethyl cellulose, or the like. When the biologicalry/physiologically active 
substance is a fat soluble substance, the solution is preferably supplemented with the additional component which is 
a low molecular weight higher fatty acid having a molecular weight of up to 1000 such as a fish oH, a vegetable oi, a 
fat-soluble vitamine such as vrtamine A or vitamirte E. 

[0054] It is to be noted that, when there is an adequate solvent for dissolving the biologically/physiologically active 
substance, and the biologically/physiologicaliy active substance used alone is capable of forming a layer on the surface 
of the wire member 2 constituting the stent main body, the layer 3 can be most conveniently and favorably formed by 
preparing a solution of the biologically/physiologicany active substance alone in the solvent, and dipping the stent main 
body in the solution followed by drying, or alternatively, by spraying such solution on the wire member 2 constituting 
the stent main body followed by drying. 

[0055] The biotogically/phystologically active'substance layer 3 may have a quantity adequately determined depend- 
ing on the shape and size of the stent. To be more specific, the quantity may be adequately determined so that the 
effect of releasing the biologically/physiologicalry active substance is sufficiently achieved without detracting from the 
performance of the stent main body such as deliverabflity of the stent to the lesion and reduced irritation for the blood 
vessel wan. The quantity of the biologically/physiologically active substance layer 3 is preferably in the range of 0.1 to 
Smgf/cm 2 ). 

[0056] In the stent of the present invention, the polymer layer 4 is formed on the biologically/physiologicalry active 
substance layer 3 as described above to cover the layer 3. The polymer layer 4 comprises a vapor or water-permeable 
polymer having a water-swellable substance 5 dispersed in the water-permeable polymer. The water-swellable sub- 
stance 5 is swollen when it absorbs the vapor or the water. 

[0057] The polymer constituting the polymer layer 4 is vapor or water permeable, and cracks are formed in this 
polymer when the water-swellable substance 5 dispersed therein is swollen by absorbing the vapor or the water. To 
be more specific, this polymer satisfies the following conditions: 

• water content less than 10% (3S°C) 

• coefficient of vapor permeability: more than 1fr 7 [cm* (STP) (cmscmHg) -*J 

• tensile strength: up to 30 MPa 

• tear strength: up to 100 kg/cm 

[0058] The polymer constituting the polymer layer is not particularly limited as long as it satisfies the conditions as 
described above. The polymer, however, is used for a stent which is implanted in the body, and therefore, should be • 
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biologically safe and less irritant to the tissue where it is implanted. Exemplary such porymers 
?as sLne elastomer,. cellulose powers, polyurethanes. Peters, vtoyf ^ 
elate copolymers (EVA), acrylic polymers, and thermoplastic elastomers, when sabsfy the condtoons as described 
above Of these polymers, the most preferred are silicone elastomers andEVA. 
s mS Tr^icone elastomer generaBy includes elastomer compositions which mainly compnses a dtokyl pdty* 
S wrS mS be a straight chain or a branched diakyl po.ysiloxane. and also induded are thcee contauwjg vmyl 
^vTJeta mealkyl croup is partly substituted with hydrogen atom, arto tt*^ whk* h« been amino or 
^^ined^^^^e^ alKy. group constituting the diafcyl polysitoxan. is mtfry. greu^Th. 

have a viscosity before the curing of more than ^cp^r^aha^.^ 
.a S of M to 80 dunxneter hardness, shore A. It is to be noted that use of a two part silicone elastomer is preferable 
of me vlS^enienc. in the formation of the polymer layer. The silicone elastomer used rnaybe a conv 
as lorn as the conditions as described above are satisfied. Exemplary preferable commer- 

and the EVA may preferably have a melt flow rate (MFR) 1 to 60 g/10 mbi. 

rnneu The most preferred is the silicone elastomer as desenbed above. 

S Se PO^ner as described above may also contain a plastic agent, a Mr. or the like at a cent** that do- 
nnt adversely affect the object of the present Invention. ^ ■ 

20 o^] medl emptied to cover the surface of the ^^-^^tf^t^^^rTS 
»Kr~Ln«ri a «er4 and the method employed to disperse the water-swellable substance 5 m the polymer layer 4 is 

otLmer layer, and the water-swellable substance 5 is fully dispersed in the polymer layer 4. Exemplary method, include 
TZZ^Z^Z the polymer and the water-swellable substance 5 are dissolved in a solvent to prepare a section 
2S cc^red with the btotogic^pr 1 y,totofltoal|y ^"""^ 

fnl.e button Llowedl ^drying, and the method wherein the solution is sprayed on the wire member 2 constBubng 
lesieTr^n boo^Tel^SI/covered with the biologicatty/physiotogicaUy active substance layer 3 by using a spray 

ToST I'mSness of the polymer toyec 4 is defended as in the case of *e ^^^^SS^ 
» substance layer 3 so as not to impair the performance of the stent mam body such "J^"^ 

Lucad^ritaton to the vascular wall. The polymer layer 4 is preferably formed to a thickness of 1 to 75 jim. more 
^^hTto a^iSnelTlO to 50 urn. and most preferably to a thickness of 20 to 30 um. When the polymer toyer 
4^hTa mi^ness^than 1 ^n thTpart^e size of the water-swellable substance 5 ^perse^the ^lymer lay* 
excTdsth^ 

L hioloGicaHv/Dhysiologically active substance layer 3. On the other hand, when the thickness of the polymer toyer 
Lev-por or the water and the substance is safe in medical point of vieweven if „ 

fluid and it may be either a high molecular weight substance or a low molecular welght^s^nce^How^w. «. 
fine partic.es of a high motecular weight, superabsorbent substance such a, a metal chelate J" 
wSer^wellable substance is associated with the risk of accumulation of the substance which has taMM rtt» 
boTfll« and u^e of a tow molecular weight substance having a molecuiar weight of up to ™J***2£Z 
2 Skis preferable. To be mora specific, the tow motocular weight ^^^?SSb^^^S 
weight salt (the term "low molecular weight salt" is an ionic compound derived by neutralization be *»«^^ a ™ 
Zbase) having a molecular weight of up to 1000 which b J£* £^ 

the low molecular weight salt is a salt which is present in a living body .n v«w of the tow rrtabon to ^^^"^ 
TudTtow motecularweight salts include sodium chloride, sodium carbonate, sodium *V^ e °*^*'J°%™ 
dS^enWphete sodtom monohydrogen phosphate, sodium lactate, sodium acetate. «dM*« ■««■> 
wEEL potassium chtoride. potassium dihydrogen phosphate, potassium monohydrogen P^Pj^-^^ 
tec^^tasstomacetate and potassium salt of an amino acid, magnesium sulfate, magnesium chloride and magne- 
E!EEEES. m consideration of the sweliing and osmotic pressure to the .PO^erlayer4andd^n 
to the body duct, use of sodium chloride is most preferable since it is a low motocular we,ght substance which i, present 

SS toTbJ mass, and most preferably atO.i to Z5% by mas, in relation * the mass of the P*~«"™g 
1 polymer layer 4. When the concentration of the water-swellable substance 5 * in excess of10% by mass inralatton 
»wEZ of me polymer constituting me polymer layer 4. there is a rtok that excessive cracks are generated to the 
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polymer layer 4 upon swelling of the water-swellable substance by the water or vapor absorption to result in the difficulty 
of controlling the release speed of the biologically/physiologically active substance. On the other hand when the con- 
centration of a tow molecular weight salt is less than 0.01% by mass, there is a risk that the cracks generated in the 
polymer layer 4 are insufficient wHh the biologically/physiologically active substance failing to be released outside the 
sustained release coating. 

[0067] The partide size of the water-swellable substance 5 at the addition to the polymer layer 4 is not particularly 
limited as long as the size allows smoothness of the outer surface of the polymer layer 4 and generation of the cracks 
in the polymer layer 4. The particle size, however, is preferably in the range of 1 to 50 Mm, more preferably 3 to 30 urn 
and most preferably 5 to 30 urn in view of the thickness of the polymer layer 4. 

[00681 Any desired combination of the polymer to constitute the polymer layer 4 and the water-swellable substance 
5 may be chosen as long as the cracks are generated in the polymer upon swelling of the water-swellable substance 
by the water or vapor absorption. The preferable combination, however, is use of sodium chloride having a particle 
size of 5 to 30 urn as a water-swellable substance dispersed in the silicone elastomer as described above at a con- 
centration of 0.1 to 2.5% by mass. 

15 [0069] Next, mechanism of the release of the btologically/physiologicalry active substance from the sustained release 
coating is described. 

[0070] Once the stent 1 is implanted in the lesion, the vapor or the water that has been present in the body duct 
starts to intrude into the polymer layer 4. The term ■vapor- used herein is the one formed by vaporization of the blood 
or other body fluid in the body duct The vapor or the water that has intruded into the polymer layer 4 then becomes 
entrapped in the water-swellable substance 5 in the polymer layer 4 ; end the water-swellable substance 5 that en- 
trapped the water or the vapor is swollen by absorbing the water or the vapor. As a consequence, volume of the water- 
swellable substance 5 increases in the polymer layer 4 as shown in FIG. 4. 

[0071] The polymer constituting the polymer layer 4 then receives continuous force from the swelling water-swellable 
substance 5, and breakage occurs at various parts of the polymer resulting in the cracks 6 of the polymer layer 4 as 
shown in FIG. 5. The cracks 6 occur at a number of sites in the polymer layer 4 as shown in FIG. 5 as the consequence 
of the continuously applied force by the swelling of the water-swellable substance 5. and a network of cracks is formed 
by the linking of the cracks 6. This network finally penetrates the polymer layer 4, and a passage is formed in the 
polymer layer 4 to enable moving of the biologicatty/physiofogically active substance. 

[0072] Through this passage, the body fluid and other fluids in the body duct becomes in contact with the biologically/ 
physiologically active substance layer 3, and the btotogicatly/phystoiogically active substance then dissolves into the 
fluid. This mechanism is not affected by the properties of the bioJogkally/phystologicaty active substance, namely 
whether the biotogrcaPy/physioiogically active substance is water- or fat-soluble since most of the body fluids including 
the blood contain fatty components in addition to the water which constitutes most of the fluid. 
[0073] It is believed that the thus dissolved biologically/physiologically active substance passes through the passage 
formed in the polymer layer 4 to be released to the exterior of the sustained release coating. When the water-swellable 
substance 5 is sodium chloride or other low molecular weight salt, the salt wifl dissolve into the body fluid or other liquid 
to become released through the passage to the exterior of the sustained release coating. The space where the water- 
sweiable substance 5 had occupied then becomes empty, and this space wiD form a part of the passage as described 
above. 

[0074] As described above, in the stent 1 of the present invention, there are no passages communicating the bio- 
logically/physiologically active substance layer 3, and the surface of the stent 1 (the surface of the polymer layer 4) 
before the insertion of the stent in the body and contact of the stent with the blood or other body fluid. The passage is 
formed in the polymer layer 4 only after the implantation of the stent in the lesion of the body duct and contact of the 
stent with the body fluid. As a consequence, the btologically/physiologicalry active substance is prevented from being 
rapidly released in a short period (within several days after the implantation of the stent 1 1n the lesion), and instead, 
the biologically/physiologically active substance undergoes a sustained, gradual release for a prolonged period (in 
several weeks to several months after the implantation of the stent 1 in the lesion). The release of the biologically/ 
physiologically active substance from the stent 1 is also prevented before the insertion in the body ' 
[0075] Furthermore, in the stent 1 of the present invention, the polymer layer 4 and the biotogicaOy/phystologically 
active substance layer 3 are separately provided as different layers, and this stent is free from the problem of the 
btotogtcaOy/phystotogicaUy active substance being decomposed or degraded by the action of the polymer. As a con- 
sequence, the btologically/physiologicalry active substance can be loaded on the wire member 2 constituting the stent 
main body in a stable manner until it is released from the stent 1. Also, no limitation is set on the combination of the 
polymer and the btotogicaUy/phystologicalfy active substance. 

EXAMPLES 

[0076] Next, the present invention is described in further detail by referring to the Examples which by no means limit 
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the scope of the present invention. 
Example 1 



100771 A cylindrical stent main body (material. SUS 316L) having substar^ djan^hap^loU « to 
5T? washed This stent main body had an outer diameter of 1.8 mm and a ier^SO n^^The^^e of 
(width. 0.2 mm) was sprayed with a solution of vincristine sulfate, (heremafter referred*, ^» ^ 
m ™mtraUon 10% by weight). VS is a carcinostatic. and this substance was used as a bufog- 

r?Sn»dtt«t about 2 mo of VS was coated on the outer surface of the wire member constHutinothejrtenl nmm 

EL»«ta.teJ ? » « «TC fer 24 Item to lh«el» ten. W polynte "V«™. P"**""?*/™'*; 
'T.»lXteJ »» «**» M . tite™** »«» •> »* °< •» I*""" 1 " "*'"" ™* e * d " 

"by^e^ 

T^TL evident from Tabte 1. it was confirmed that the amount of the VS released ^^^JSTS 
f /L» ttet meVS was slowly released for about 4 weeks with no rapid release in short period (imtel burst). 



swenabte substance. 



Example 2 
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in Table 1 . As in the case of Example 1. the amount of the VS released is indicated by the proportion (%) in the «n«,n* 
of the VS that had been coated on the wire member constituting mestentrr«inboi^^^^ ( ' 8am0Unt 
[0084] As evident from Table 1. it was confirmed that the amount of the VS released increased with the increase in 
t,me<day). and that the VS was stow* reteased for about 4 weeks with no rapid reteaseTs^rtp^^ 

Comparative Example 1 

[008 fL ™f oute [ °f the wire member constituting the stent main body which is the same as Example 1 was 

sprayed with a sotubon of VS in dichloromethane (VS concentration. 10% by weight) by Hieing a hardly ft wat 
£en confirmed thai .about 2 mg of VS was coated on the outer surface of the wire Imtici^tr^LrS 
body The solvent, dichtoromethane was completely voiatilized to form a layer of the biologic^SSo^rec^e 
substance on the, surface of the stent main body. Next. ME0421 1 prepared by adding l^of a c^aSTto , 0 ^ 
a ! a ^ C0 ^ nd ^ dfepefSed h 89 • of haxana to a solution (silicon. etostSmer ZnS, i X 

!T12 - 2JT "'^"prayed * USin9 8 hand ^ After «*»*■ that the potymer layer rj^' covered 
the b^ologically/phys.ologcally active substance layer, the stent was heated in an oven aToOX fo^Zm iSeby 
form *e Po^er layer. The polymer layer after the thermosetting had a thickness at an average of SOum S,b7ent 
was evafoated for the amount of the btologioally/physio.ogicalV active substance (VS) refeas". Tne'measu^ 
was conduced a. in to case of Example 1 . The results are shown in Tabie 1. As in the case erf Example T^aTS 

[0087] For the stent of the Comparative Example 1. electron micrographs (1000 x) of the polymer layer after the 
S 9 ^ P , h0SPh e 6 ^ S ° tU,i0n for24 ^ were taken. F.6. 8 is a frontal electron miorogZh <%* sSa« 
^ aftef th ! dippin ° in *° phos '* ate buffer «^ton. and absence of botes in^e^ymer teyerS 
!? ^ JTlf f ^Parmg the photomicrograph with FIG. 6. FIG. 9 is a cross sectional electron rntoograph (2500 x) 
of the polymer layer after the doping in the phosphate buffer solution, and absence of the hotes Undine cnJacm 
be confirmed by comparing the photomicrograph with FIG. 7. 



Example 3 



[0088] The outer surface of the wire member constituting the stent main body which is the same as Example 1 was 
sprayed wrth a solution of epigaHocatechin ga.late (hereinafter referred to as "EGCG", which is a pol53LndT 

2 a ™ X 0 f a p n rr ^ f^ e,han0, iE ^ G T CentraUOn ' 10% * * a ^Y- « was then cTfin^lfat" 
T. < ? ated °" * e ° Uter surface ^ the wire member constituting the stent main body. The sotvent 
tiie s^nTmab^hlS!^ n ^^kter^Ao^"* " k**' * oto ^ ic a , WP h y sfoto 9'eai | y active substance on the swfaceof 
l^Tn H,^ h NeXt M f D_4211 prepared by addin 9 1 9 of a curing agent to 10 g of a base compound was 
SEl 2£ /^f"! 10 pfBp8re 8 S0,utton < 8ilicone e| aatonw concentration. 10% by weight). aWsodhim 
chtonde fine powder (particle size, up to 30 pm) was added to this solution so that the concern of the sodium 
chtonde » relation to the total weight of the base compound and the curing agent of the silicone etostom* a^dtne 
^ ^ T 88 *?t Tha resu,Un 0 was then sprayed by using a hand spray. AfteTcoZmnJ 

mat the polymer teyer had fully covered the bfologicaOy/physfoloflically active substance teyer. Se st«rt waTheZ 
IZT^Z'^T to ^ ^ ^>>^ ^ Tr« pofymer teyer aftJSe therrrj^g haol 
su^^TTased ^ ™* ^ WaS eVahJ8ted the «~»* «" bfotegteany/physiotegica^ active 
[0089] The measurement was conducted by dipping the resulting stent in SO ml of phosphate buffer solution (pH 

r^iS, ? . " 8 thefmOStat bath 31 37 ° C - Sample of the phosphate buffer solution was collected at 
a predetermined time Interval to measure the amount of the EGCG released 

[0090J The amount of the EGCG in the collected phosphate buffer solution, namely, the amount of the EGCG released 
from the stent was determined by measuring absorbance at a wavelength of 275 nm by using a spectrophotometer 

in^T^ L^^^ 9 3 CaBbratf ° n ° UfVe h8 ° ^ ared h ad^The^aHown 
n Table 2. It is to be noted that the amount of the EGCG released shown in Table 1 is indicated by the proportion (%) 

S'T" ° f *"?*B ^t had been coated on the wire member constituting the stent mainW^^ 

LTI ,£?1%1^Z ™ * W3S COnfirn,ed that ,he amount * *a EGCG released increased with the increase 
jn tone (day), and that the EGCG was slowly released for about 4 weeks with no rapid release in short period (initial 
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Comparative ■Example 2 
layer does not contain sodium chloride. 

Table 1: 



Amount of VS released 


Time (day) 


Example 1 


Example 2 


Comparative Example 1 


1 
3 
4 


3.0 


5.9 




5.0 


5 
6 
11 


17.8 






4.6 


48.0 


32.8 




4.6 


14 
16 
18 
20 
24 


57.7 


38.9 

43.3 
48.2 




5.2 


28 
31 


78.3 


52.5 







[0094] The amount oftheVS released snown., '^ BU1 ~7™7 
hadbeen coated on the wire member constituting the stent mambody. 

Table 2: 



Amount of EGCG released 


Time (day) 


Example 3 


Comparative Example 2 


1 
3 


2.5 


1.5 


8 


6.1 


1.5 


13 


28.7 


17 


47.0 




21 


75.4 


1.8 


28 


78.7 





,00951 The amount of me €GCG re!eased shown in Tabie is indeed by ^portion (%) m «» amount of the 
S thaThaTSen coated on the wire member constitute the stent mam body. 
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MERIT OF THE INVENTION 



[0096] As described above, the present invention is directed to a stent to be implanted in a body duct, and this stent 
comprises the stent main body and the sustained release coating termed on the surface of the stent main body The 
sustained release coating comprises the biologically/physiologically active substance layer which is formed on the 
surface of the wire members constituting the stent main body and contains at least one biologically/physiologically 
active substance, and the polymer layer formed on the biologically/physiologically active substance layer to cover the 
biologically/physiologically active substance layer. The polymer layer comprises the vapor or water-permeable polymer 
and the water-swellable substance dispersed in the polymer and swollen by absorption of the vapor or water Since' 
cracks are formed in the polymer layer when the water-swellable substance is swollen by the vapor or water and the 
biologically/physiologically active substance layer is released to the exterior of the sustained release coating' through 
the polymer layer, the btologically/physiotogteaBy active substance can be stably loaded on the stent main body without 
undergoing decomposition or degradation. In addition, once the stent is implanted in the lesion, the biokjgicaOy/phvs- 
iologically active substance undergoes a sustained release, namely gradual release for a prolong period without beta 
rapidly released in a short period. . w wunow oeing 

10097] When the stent main body is formed from a metal material, reliable implantation of the stent at the lesion is 
enabled due to the excellent strength of the metal material. 

[0098] When the stent main body is formed from a polymer material, the stent enjoys the merit of excellent defiver- 
ability to the lesion since the polymer material is highly flexible. 

[0099] When the biologically/physiologically active substance layer is solely formed from the biologically/physiolog- 
ically active substance, the biologically/physiologically active substance layer can be formed by a simple procedure 
[0100] When the biologically/physiologically active substance used alone is insufficient in Its adhesion to the surface 
of the wire members constituting the stent main body, an additional component which imparts tackiness to the biolog- 
ically/physiologically active substance layer may be mixed with the biologically/physiologically active substance to 
thereby improve the adhesion to the wire members constituting the stent main body 

[0101] The stent can suppress the restenosis of the lesion where the stent has been implanted when the biologically/ 
physiologically active substance is at least one member selected from a caroinostatic. an immunosuppressive an 
antibiotic, an antirheumatic, an antithrombotic, an antihyperiipidemic. an ACE inhibitor, a calcium antagonist, an integrin 
inhibitor, an antiallergic, an antioxidant, a GPIlb/llla antagonist, retinoid, flavonoid. carotenoid. a lipid improving agent 
a DMA synthesis Inhibitor, a tyrosine kinase inhibitor, an antiplatelet, a vascular smooth muscle antiproliferative agent, 
an antiinflammatory agent, e biological material, an interferon, and a NO production accelerator. 
[0102] The biological safety of the stent will be particularly high when the polymer layer is formed from a polymer 
selected from a silicone polymer, a cellulose polymer, a potyurethane. a polyester, a vinyl polymer, an acrylic polymer, 
and a thermoplastic elastomer. 

[0103] The dispersion of the water-swellable substance in the polymer layer will be facilitated when the water-swella- 
ble substance is a low molecular weight salt having a molecular weight of up to 1000. 

[0104] When a low molecular weight salt is the salt which is found in a body, the stent produced is highly safe due 
to the tow irritation of the low molecular weight salt. 

[0105] When the tow molecular weight salt used is sodium chloride, the safety of the stent is further improved since 
sodium chloride is a substance which is thoroughly found in a body. 

Claims 

1. A stent to be implanted in a body duct comprising 

a cylindrtcar stent main body extending in axial direction and having an opening on each end of the axiaily 
extending stent main body and 

a sustained release coating formed on the surface of the stent main body from which a biologicalry/physiolog- 
icaUy active substance is released; wherein 
said sustained release coating comprises 

a layer of the biotogteaHy/physiologicalry active substance formed on the surface of said stent main body, 
and 

a polymer layer formed on said biologically/physiologically active substance layer to cover said biologically/ 
physiologically active substance layer and 

said biologically/physiologically active substance layer comprises at least one biologically/physiologically ac- 
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in said polymer and swollen by absorption of the vapor or the water; n hv atmMM ^ 
cracks "reTr-ned in said polymer layer when said ^^^^ flSXSlSIK 
vaoor oathe water, and the biologically/physiologically active substance m *™ .^"T^ZJ^ 
acSSe substance layer is released to the exterior of said sustained release coatmg through said polymer layer. 

■ A stent according to claim 1 wherein said stent main body comprises a metal material. 

i. A stent according to daim 1 wherein said stent main body comprises a polymer material. . 

i A stent according to any one of daim, 1 to 3 wherein said biotogica.y/phvsiotogicaUy active substance layer conv 

' prises solely from the biotogically/physioiogicaly active substance. 

, A stent according to any one of claims 1 to 3 wherein ^^^^^^2^ 
prises the biotogically/physiologicalty active substance and an additional component wn.ch mparts taooness 
said biotogically/physiologicaly active substance layer. 

a tyrosine kinase inhibitor, an antiplatelet, a vascular smooth muscle antoprobferatrve agent, an anmnnenrnw-y 
agent, a biological material, an interferon, and a NO production accelerator. 

7 A stent according to any one of claim. 1 to 6 wherein said vapor or water-oenneabte 

^o^mer^er is a member selected from silicone polymer, celkitose potymer. pofyurethane. polyester, vmyl pofy- 
mer, acryBc polymer, and thermoplastic elastomer. 

$. A stent according to any one of daims 1 to 7 wherein said water-sweHabte substance is a low molecular weight 
salt having a molecular weight of up to 1000. 

9. A stent according to claim 8 wherein said tow molecular weight salt is a salt which is found in a body. 

10. A stent according to claim 8 or 9 wherein said tow molecular weight salt is sodium chloride. 
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